OBJECTIVES: Innovations in surgical techniques and perioperative management have continuously improved survival rates for acute aortic dissection type A (AADA). The aim of our study was to evaluate long-term outcome and quality of life (QoL) after surgery for AADA in elderly patients compared with younger patients.
INTRODUCTION
During the last two decades, a lot of modifications in the treatment of acute aortic dissections have been introduced: for complicated aortic dissections type B interventional stent placement has largely improved survival rates and reduced morbidity [1] , whereas for acute aortic dissection type A (AADA) open heart surgery remains the only life-saving option [2] . Therefore, for a long time the most important way to improve results seemed to change the surgical management itself. Considering surgery the most discussed issue remains arterial cannulation technique. Especially the cannulation of the subclavian artery [3] , the cannulation of the innominate artery [4] , the cannulation of the apex [5] and recently the cannulation of the right upper pulmonary vein [6] yield promising results. Another important issue remains neuroprotection. Some groups prefer selective antegrade cerebral perfusion on both sides, others prefer one side [7] . Apart from the surgical advances medical treatment and anaesthesia have also improved the overall patients' safety and have led to more stability during the surgery. The management during the ICU stay has also increased survival rates. Nevertheless, surgery for AADA remains one of the riskiest heart procedures with highly variable †The first two and the last two authors contributed equally to this study.
outcomes [8] . The elderly are a challenging group of patients undergoing surgical procedures; they are more likely to have preoperative comorbid conditions. It has been widely understood that conservative treatment versus surgical treatment has much lower survival rates [9] . Yet, considering the long-term survival of elderly patients some groups report no significant differences between conservatively treated patients and patients with an emergency surgery after 5 years [10] . But these data reflect poorly the benefit for the patient [11] . Quality of life (QoL) outcomes have become a major focus in the elderly after surgery. However, data regarding QoL in AADA patients after emergency surgery are scarce. We evaluated in this large cohort study retrospectively the long-term survival and the QoL of patients after emergency surgery for AADA aged 70 years and older and compared with younger patients.
MATERIALS AND METHODS

Patients and study design
In our centre, 242 consecutive adult patients had emergency surgery for AADA between January 2004 and April 2014. Patients were divided into two groups: those aged 70 years and older [elderly group: n = 78; age 76 ± 4 years (70-85)]. The younger group consisted of 164 patients with a mean age of 56 ± 10 years (18-69). AADA was defined as any dissection with an intimal flap separating two lumina or intramural haematoma involving the ascending aorta or with an entry in the descending aorta with retrograde dissection. The diagnostic tool was computed tomography; echocardiography was used as confirmation when possible. Angiography and magnetic resonance imaging were not performed routinely. AADA was defined as an emergency surgery within 72 h after the onset of symptoms. Most patients (86%) were operated on within 24 h after onset, only 24 patients (10%) between 24 and 48 h, and nine patients (4%) between 48 and 72 h.
All clinical data were collected prospectively by admission and during the in-hospital stay. We retrieved the data retrospectively by review of hospital records. The Institutional Ethics Committee approved the study protocol and authorized its conduct and follow-up. Individual patient's consent for inclusion in the study was obtained. Primary end-points were intraoperative and 30-day mortality as well as long-term survival with QoL. Secondary end-points were postoperative course (ventilation time, drainage loss, acute renal failure, neurological complications). Patients were followed up directly in our outpatients clinic, seen by their general practitioner. In a few cases, patients were contacted directly by telephone or air mail. Among survivors, QoL was assessed by specialized personnel with the Short Form Health Survey Questionnaire (SF-36) according to a standardized protocol at 12 months after surgery. The SF-36 was developed to assess the functional status and well-being of the patient. It consists of 36 short questions mirroring health covering eight domains scaled from 0 to 100; a higher score indicates a better QoL. These eight items include physical functioning (being able to perform physical activities), physical role (being able to do his/her job and daily activities), bodily pain (no pain or limitations due to pain), general health perception (evaluates personal health), vitality (enjoying life), social functioning (performing normal social activities or not), emotional role (problems with work or daily activities as a result of emotional problems), and mental health (feeling happy, peaceful and calm). The domains are summarized into physical and mental health scores. We compared our results of the QoL assessment with data of a subgroup of the German normative sample aged 71-85 years. The German normative sample was collected in the scope of the German National Health Interview and Examination Survey from 1998, which was a representative investigation on the health status of the adult population of Germany.
Surgical technique
All patients had general anaesthesia and received a standard median sternotomy. Total cardiopulmonary bypass with deep hypothermic circulatory arrest was installed. Until 2009, the femoral artery or the distal ascending aorta was used for arterial cannulation using the Seldinger technique, and the right atrium or a femoral vein was cannulated for venous drainage. Since 2010, we used the transatrial cannulation of the left ventricle via the right upper pulmonary vein as an alternative for antegrade, true lumen arterial return during surgical treatment of AADA [7] . Core temperature during circulatory arrest was [18] [19] [20] [21] [22] C. Selective antegrade cerebral perfusion was applied if a long duration of hypothermic circulatory arrest was expected, elective evoked potentials were reduced or near-infrared spectroscopy indicated decreasing cerebral perfusion. During the years 2004 until 2014 four different senior surgeons were responsible for the surgical management of AADAs. More details of the surgical technique and patient management were presented in previous study from our institution [12] .
Statistical analysis
Statistical analysis was performed with SPSS 18.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were used to describe patient characteristics throughout the study. Means and standard deviations were computed for normally distributed continuous variables, whereas medians and interquartile ranges were used to describe non-normally distributed continuous data. Student's ttest was performed for comparison of normally distributed data and the Mann-Whitney U-test was used for non-normally distributed data. Categorical variables are presented as frequency distributions (n) and simple percentages (%). Univariate comparison between the groups for categorical variables was made using the v 2 test and the Fisher's exact test when appropriate. Logistic regression helped to examine the relationship between the outcome variable mortality and potential risk factors. The probability of survival was determined on the basis of survival curves using the Kaplan-Meier method and compared using the log-rank test. Statistical significance was considered when P < 0.05.
RESULTS
Demographics and clinical presentation
As shown in Table 1 , there were relevant differences between the two groups concerning preoperative clinical data. Male gender was significantly lower in the elderly population (48.7% vs 70.7%; P < 0.001). Atrial fibrillation also was significantly higher in the elderly group (37.2% vs 8.5%; P < 0.001). The elderly group had a significantly reduced left ventricular ejection fraction compared with the younger group (54 ± 10 vs 67 ± 13; P < 0.001). The clinical presentation also was different: more elderly patients came to surgery with a cardiac tamponade (62.8% vs 47.6%; P = 0.03). Consequently, there was a tendency to more cardiopulmonary resuscitations (CPRs) in the elderly group (12.8% vs 6.1%; P = 0.09). In general a slightly higher percentage of the elderly population had a free rupture, a cardiogenic shock or was intubated on admission. No patient of the elderly cohort but 6 patients of the younger group (3.7%) had a known Marfan disease (Table 1) .
Operative data
Arterial or venous cannulation sites or the frequency of antegrade selective cerebral perfusion showed no significant variances. Complex procedures (e.g. Bentall/David operation) were more common in the younger group (21.3% vs 5.2%; P = 0.001). Isolated replacement of the ascending aorta was highly significant for the elderly group (94.9% vs 78.9%; P = 0.001). Consequently, shorter cardiopulmonary bypass times (156 ± 43 vs 185 ± 69; P < 0.001) and shorter cross-clamping times (83 ± 34 vs 105 ± 51; P = 0.002) were more common in the elderly population. A combined surgery with stent-grafting of the descending aorta was necessary in 20 patients (8.3%) ( Table 2) .
Outcomes
Postoperative data are summarized in Table 3 . No significant differences in postoperative complications and major morbidity were observed. The overall operative mortality was 2.1% (elderly group 3.8% vs younger group 1.2%; P = 0.33), which is very low and without significance. Intensive care unit and hospital stay was comparable for both groups. In the elderly population, 30-day mortality was higher in comparison to the younger group (21.8% vs 7.9%; P = 0.003). Severe neurological damage as cause of death was significantly higher in the elderly group (9.0% vs 1.2%; P = 0.006) despite the fact that the brain ischaemia time was comparable for both groups (38 ± 17 vs 40 ± 28; P = 0.74).
To define risk factors associated with 30-day mortality, we performed a multivariate logistic regression analysis (Table 4) . Age was highly significant with an odds ratio of 3.5 [95% confidence Long-term survival was satisfactory for both groups. Figure 1A and 1B show the survival curves estimated by Kaplan-Meier method. Survival for all patients at 1, 3 and 5 years after surgery, including the in-hospital mortalities, was 81%, 78% and 74%, respectively (Fig. 1A) .
One-year (72% vs 85%), 3-year (68% vs 84%) and 5-year (63% vs 79%) survival rates were significantly lower in the elderly group (P = 0.008) (Fig. 1B) .
Quality of life
Our questionnaire return rate was 91.0%. In total, 167 of 183 alive patients completely answered the QoL questionnaires; the follow-up was 5.1 ± 2.7 years (range 1.2-9.6 years). Non-responders did not differ significantly from responders on age, gender or incidence of postoperative complications (P > 0.05).
The elderly survivors did not show any physical or mental limitations compared with the younger group. General health might be slightly worse in the elderly group but not statistically significant. Psychological well-being was comparable in both groups. The physical component summary score was similar between the groups (39.14 ± 11.12 vs 39.12 ± 12.02; P = 0.99). Moreover, the mental component summary score might be slightly higher in the elderly group but not statistically significant (51.61 ± 10.73 vs 48.63 ± 11.25; P = 0.12). However, the QoL scores were lower compared with the general, age-matched population in Germany especially with regard to the terms pain score (27.80 ± 17.34 vs 62.88 ± 30.08; P < 0.001) and social functioning (51.88 ± 17.12 vs 82.59 ± 22.91; P < 0.001) ( Table 5) . A total of 9 of 12 alive octogenarians completely answered the QoL questionnaires. The octogenarians also did not show any physical or mental limitations compared with the younger group.
Comparisons between survivors and non-survivors
No significant differences were noted between survivors and non-survivors with regard to proportion of octogenarians or gender (P > 0.05). Survivors were younger than non-survivors (61 ± 15 vs 70 ± 9; P = 0.002). The preoperative clinical presentation on admission with CPR and previous cardiac surgery were significant predictors of worse prognosis. Furthermore, the incidence of postoperative mesenteric ischaemia was more frequently in the non-survival group (33.3% vs 3.3%; P < 0.001) ( Table 6) .
DISCUSSION
We present in our single-centre study a comparatively large cohort of patients who underwent emergency surgery for AADA. The standard definition of acute comprises 14 days or less after the onset of symptoms [13] . We only considered aortic dissections as acute with an onset of symptoms and consecutive emergency surgery within 72 h. This is especially interesting as usually 50% of the patients die without surgery within 48 h. Through this we tried to reduce the bias that patients with a lower complexity of the disease who might have survived without surgery are overrated. Taking this into account our long-term survival rate for the elderly population was satisfactory with a survival of 74% after 5 years. We do not have any data about untreated patients with AADA from our department. Previous published data considering 5-year survival rates and showing poor QoL scores have again led to the discussion whether surgical treatment is still the adequate strategy for elderly patients [10, 11] . We could not even discern a tendency towards a worse QoL in the elderly group.
As already seen by other groups we could clearly see admission status to be more relevant for patient's outcome than age [8, 14] . In our cohort, the clinical presentation (free rupture, cardiac tamponade, cardiogenic shock, CPR) of elderly patients was universally worse than that of the younger patients. This might be caused by fewer characteristic symptoms and therefore delayed diagnosis in the elderly [2] . Therefore, the potential benefits of surgery should be completed by faster imaging in the referring hospitals. Other aspects of the management of AADA, especially in elderly patients, need to be reviewed in order to improve survival rates [15] [16] [17] [18] . One important issue seems to be the cannulation technique [19] . In our department, the transatrial left-ventricular cannulation has become state of the art with very good results [7] . Another target to improve outcome is the management of renal or mesenteric ischaemia [20, 21] . Postoperative complications that require further intervention include anastomotic stenosis, dissections and mesenteric malperfusion are supposed to be a risk factor for in-hospital mortality [22] . Therefore, all our patients received a CT scan shortly after the surgical procedure if the patient's condition would allow transportation. Then adequate measures would have taken place if necessary. In our analysis, mesenteric ischaemia was high with an incidence of 7.0% for both groups.
As severe neurological damage as cause of death is significantly higher in the elderly group but brain ischaemia time is equal for both groups, there might be two additional explanations: firstly, elderly people do not tolerate brain ischaemia as well as younger people do, and secondly the higher rate of severe neurological dysfunction in the elderly group was preoperatively not detected. More elderly people had preoperative CPR and more elderly patients were intubated when arriving at our department. Although the numbers itself did not reach significance, preoperative severe neurological deficits in this subset can obviously be underestimated.
Angeloni et al. [23] found an unfavourable outcome if selective bilateral antegrade cerebral perfusion was applied. Other authors detected a reduced function of circle of Willis in elderly patients and therefore recommend the application to both sides [24] . They state that 'perfusing the cold brain' is 'the optimal neuroprotection for aortic surgery' [25] . In our institution, selective bilateral antegrade perfusion is applied in complex procedures if a long duration of hypothermic circulatory arrest is expected.
Our overall operative mortality is very low (2.1%). It was slightly higher in the elderly group (3.8%), yet with no significance. The 30-day mortality was significantly higher in the elderly population (21.8% vs 7.9%). In the multivariate logistic regression analysis for risk factors associated with 30-day mortality, age and preoperative CPR were found to be significant risk factors. This is known from other groups [18] . Cardiac tamponade which was the only clinical feature reaching significance was not identified as risk factor for 30-day mortality. Other groups judge the duration of cardiopulmonary bypass [15] or operating time [26] as risk factors for death. In our multivariate logistic regression analysis, we could confirm extracorporeal circulation time as risk factor for 30-day mortality but not cross-clamping time. Both cardiopulmonary bypass time and cross-clamping time were significantly shorter in the elderly group.
Previous studies have come to conflicting conclusions regarding the utility of performing AADA repair in octogenarians [11, 17, 27, 28] . Out of our study group 15 patients were 80 years and older. Three of them died. We could therefore not perceive high mortality rate, physical or mental limitations for the octogenarians, but the number is obviously too small to disclose any significances.
During the last two decades, it is increasingly accepted that QoL is an important aspect in assessing the outcome of any therapeutic intervention, particularly when invasive procedures such as cardiac operations are performed with limited life expectancy. However, little is reported about the QoL in elderly after AADA surgery. Hata et al. [11] state that elderly patients often perceive their QoL worse than younger patients. Another study from Tang et al. included 101 AADA surgery patients with a response rate of 74%; they reported that physical functioning was significantly better in the younger group, whereas role limitations due to emotional health were less frequent in the older group. Other parameters representing QoL measures were similar between surviving patients [17] . In a small analysis among 19 longterm elderly survivors after AADA surgery, Santini et al. [29] found that QoL surveys were similar to those of the general, agematched population in Italy. We found an equal QoL in terms of physical health and mental health when compared with younger patients. Moreover, the mental component summary score might be slightly higher in the elderly group. However, the QoL scores 
